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Abstract 
Purpose 

The purpose is to provide an apparatus for manufacturing a photovoltaic device, wherein 
energy beam processing can always be carried out under optimum processing conditions 
irrespective of the degree of variation of the film constitution of the workpiece. 

Constitution 

In a process in which laser beam L from laser oscillator (1) is applied to the processing 
region of a workpiece W via optical system (2) to remove the processing region, time-measuring 
means (3) normally measures the time required from the start of application of laser beam L to 
workpiece W until the completion of removal of the processing region. Condition control means 
(4) compares the measurement results of time-measuring means (3) with the preset optimum 
value required for the removal of the processing region, while successively changing the 
application conditions of laser beam L so that the conditions coincide with the optimum value. 
Thus, the removal of the processing region under the optimum application conditions can be 
realized over the entire surface of workpiece W. 




Key: W Workpiece 

1 Laser oscillator 

2 Optical system 

3 Time-measuring unit 

4 Condition control unit 
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Claim 

Equipment for manufacturing a photovoltaic device characterized in that the equipment is 
used to apply a laser beam to the processing region of a workpiece in order to remove said 
processing region and in that it includes a time-measuring means that measures the time from the 
start of application of said laser beam until the completion of the removal of said processing 
region, and a condition control means with which the application conditions of said laser beam 
can be optimized on the basis of the time measured by said time-measuring means. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to equipment for manufacturing a photovoltaic device 
characterized by the fact that in the manufacturing process of the photovoltaic device, there is a 
processing step in which the processing region is removed with an energy beam, in particular, a 
laser beam. 

[0002] 
Prior art 

As far as the photovoltaic device is concerned, the prior art described in Japanese Kokai 
Patent Application No. Sho 57[1982]-12586 discloses a method in which a laser beam is used to 
remove the processing region; moreover, this manufacturing method has excellent processibility. 
For example, Figure 6 illustrates a manufacturing device using this method. 

[0003] 

In this manufacturing device, laser beam (b) emitted from laser oscillator (a) passes 
through optical system (c) and is applied to photovoltaic device workpiece W, so that the 
semiconductor film or the like on said photovoltaic device workpiece W can be selectively 
removed. However, when the semiconductor film or the like is to be removed, it should be 
removed completely, and the energy density and other processing parameters should be set 
strictly, 

[0004] 

Problems to be solved by the invention 

However, since the processing conditions cannot be adjusted if no adjustment means 
exist, the following problems arise. 
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[0005] 

In order to remove completely that portion of the semiconductor film or the like that is to 
be removed without causing any damage to the semiconductor film or any underlying layer, the 
optimum laser beam energy and other processing parameters should be determined in accordance 
with the film configuration of the processing region of photovoltaic device workpiece W. On the 
other hand, however, film thickness, material type, and other parameters of the film 
configuration cannot be perfectly uniform since there will be some variation. 

[0006] 

Consequently, for the various processing regions of photovoltaic device W with a 
non-uniform film configuration, when laser processing is carried out under the same prescribed 
processing conditions, defects occur in the processing region due to said variations in film 
thickness, etc. 

[0007] 

For example, when a laser beam with an energy density higher than the required level is 
used, the layer below the desired processing region may also be removed. This is undesirable. On 
the other hand, if the energy density of the laser beam is below the required level, portions that 
should have been removed from the processing region by the laser beam may remain. All of 
these defects lead to degradation in the performance of the photovoltaic device. 

[0008] 

The aforementioned problems also occur when energy beams other than the laser beams 
are used. 

[0009] 

The purpose of the present invention is to solve the aforementioned problems of the 
conventional methods by providing equipment for manufacturing a photovoltaic device wherein 
energy beam processing can always be carried out under optimum processing conditions 
irrespective of the degree of variation of the film constitution of the workpiece. 

[0010] 

Means to solve the problems 

In order to realize the aforementioned purpose, the present invention provides equipment 
for manufacturing a photovoltaic device characterized by the following facts: the equipment is 
used to apply a laser beam to the processing region of a workpiece in order to remove said 
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processing region; the photovoltaic device manufacturing equipment includes a time-measuring 
means that measures the time from the start of application of said laser beam until the completion 
of the removal of said processing region, and a condition control means with which the 
application of said laser beam can be optimized on the basis of the time measured by said time- 
measuring means. 

[0011] 
Operation 

For the manufacturing apparatus of the present invention, the time-measuring means 
keeps measuring the time required from the start of application of the laser beam to the 
workpiece until the completion of the removal of the processing region. The condition control 
means continually compares the measurement results of said time-measuring means with a preset 
optimum value required for removing the processing region, and it successively changes the 
irradiation conditions of the laser beam to meet the optimum value. In this way, removal of the 
processing region under optimum irradiation condition is realized for the entire surface of the 
photovoltaic device. 

[0012] 

That is, the processing region is heated and removed by irradiation of the laser beam. In 
this case, when the laser beam has a higher energy density, the rate of temperature increase of the 
processing region becomes greater, and the processing region can be removed in a shorter time. 
On the other hand, if the laser beam has a lower energy density, the rate of temperature increase 
of the processing region becomes smaller, and the time required from the start of laser beam 
irradiation until the removal becomes complete beams longer. 

[0013] 

Consequently, according to the present invention, the time from the start of application of 
the laser beam until the removal of the processing region is measured, and it is determined 
whether the incident power density is insufficient or excessive in order to make an adjustment. In 
this way, a power density suitable for removal of the processing region can be realized. 

[0014] 

Application examples 

In the following, the present invention will be explained in detail with reference to 
application examples illustrated by figures. 



[0015] 

Application Example 1 

Figures 1 and 2 illustrate the configuration of the equipment for manufacturing the 
photovoltaic device of the present invention, wherein laser beam L is used as the energy beam. 
The basic constitution includes laser oscillator (1), optical system (2), time-measuring means (3), 
and condition control means (4) that automatically controls said laser oscillator (1) and optical 
system (2). 

[0016] 

In the example shown in the figures, a Q-switched YAG laser is used as laser oscillator 
(1) used for processing. The output timing of laser beam L of said laser (1) used for processing is 
controlled by the trigger pulses from trigger generator (10). 

[0017] 

Optical system (2) comprises half-mirror (11a) that reflects laser beam L output from 
laser (1) used for processing, and condensing lens (lib) for focusing laser beam L. Laser beam L 
output from said laser (1) used is reflected by said half-mirror (11a) and passes through 
condensing lens (1 lb) to irradiate workpiece W. 

[0018] 

Time-measuring means (3) measures the time from the start of application of laser beam 
L until the completion of the removal of the processing region of workpiece W. In the example 
shown in the figure, He-Ne laser (5) is used as the beam for time measurement. 

[0019] 

Laser beam M used for measurement emitted from said He-Ne laser (5) passes through 
condensing lens (12) and is irradiated on the processing region of workpiece W. Laser beam M 
passes through said processing region and condensing lens (13) and irradiates pin photodiode (6), 
which is equipped with a filter and is used as a detector. The signal corresponding to the 
irradiation intensity obtained by pin photodiode (6) is amplified by amplifier (7) and is then sent 
to digital storage oscilloscope (8). In this way, the time from the start of irradiation of the laser 
beam for processing until the completion of the removal of the processing region is measured. 

[0020] 

Parallel with this process, the irradiation intensity of laser beam L from said laser (1) 
used for processing is detected by pin photodiode (9), and the detection signal is also sent to said 



oscilloscope (8). The information that appears on the display of oscilloscope (8) will be 
explained below. 

[0021] 

Condition control means (4) is used to automatically adjust the irradiating condition of 
laser beam L to realize optimum processing conditions of said processing region. Based on the 
measurement results from said time-measuring means (3), the default processing conditions are 
compared with the optimum irradiating condition and evaluated. Laser (1) used for processing 
and optical system (2) are then controlled to meet the optimum conditions. 

[0022] 

The parameters controlled by said condition control means (4) in the example shown in 
the figure include the processing speed of laser (1) used for processing, the extent to which 
optical system (2) is out of focus, etc. In addition, the processing conditions may also be 
optimized by adjusting parameters outside laser (1) used for processing and optical system (2). 

[0023] 

In the following, examples of the signal detected by said time-measuring means will be 
shown. Figure 3 is a diagram illustrating the information that appears on the display of said 
oscilloscope (8). It shows the intensity of laser beam L for processing that irradiates workpiece 
W, which has a semiconductor film formed on a transparent electrode, and the intensity of 
measurement laser beam M that passes through the processing region of workpiece W at that 
time. 

[0024] 

In Figure 3, 1 0 represents the power density of laser beam L for processing that irradiates 
workpiece W. The upper, middle and lower curves respectively represent the power density 
above the optimum level, the optimum power density, and the power density below the optimum 
level with respect to the selective processing of the semiconductor film. 

[0025] 

Also, as shown in this figure, the intensity of He-Ne laser (5) first falls and then rises 
depending on the progress of the processing of the semiconductor film of workpiece W. This is 
due to the fact that as the semiconductor film is vaporized, the transmittance of He-Ne laser (5) 
decreases; and then, as the semiconductor film is removed, the transmittance of He-Ne laser (5) 
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rises. Consequently, by monitoring the intensity of the transmitted light of He-Ne laser (5), one 
can measure the time required for removing the processing region. 

[0026] 

The variation in the intensity of the transmitted light from He-Ne laser (5) takes place 
more rapidly when the power intensity of laser (1) used for processing is higher. This fact 
indicates that as the power density of laser (1) used for processing increases, the time required to 
remove the processing region decreases. 

[0027] 

Consequently, by adjusting the aforementioned processing conditions with the aid of said 
condition control means (4) so that the time for removing the processing region comes into 
agreement with the time at the optimum power density, one can realize processing under the 
optimum processing conditions irrespective of the variation in the film constitution of workpiece 
W. 

[0028] 

Laser beam L emitted from laser (laser oscillator) (1) for processing passes through 
optical system (2) and irradiates the processing region of workpiece W in order to remove the 
processing region. In this processing step, time-measuring means (3) continually measures the 
time from the start of irradiation of laser beam L on workpiece W to the completion of removal 
of the processing region. Condition control means (4) then compares the measurement results of 
time-measuring means (3) with the preset optimum value for removing the processing region, 
and determines the default processing condition. It then controls laser (1) used for processing and 
optical system (2) to change the irradiating conditions of laser beam L successively so that the 
processing conditions come into agreement with said optimum value. In this way, removal of the 
processing region under the optimum irradiating conditions can be carried out for the entire 
surface of workpiece W. 

[0029] 

Application Example 2 

As shown in Figure 4, in this application example, time-measuring means (3) is designed 
to measure the intensity of laser beam L for processing that passes through the processing region 
of workpiece W. 



[0030] 

That is, on the rear side of workpiece W, pin photodiode (6) is set opposite the irradiating 
direction of said laser beam L. A signal corresponding to the transmitted portion of said laser 
beam L through the processing region is sent to oscilloscope (8) shown in Figure 2. In this way, 
it is possible to measure the time from the start of irradiation of the laser used for processing to 
the removal of the processing region. Otherwise, the constitution is the same as that of 
Application Example 1 . 

[0031] 

Application Example 3 

As shown in Figure 5, in this application example, time-measuring means (3) has a 
constitution in which the intensity of laser beam M used for measurement reflected from the 
processing region of workpiece W is measured. 

[0032] 

That is, laser beam M used for measurement is irradiated obliquely from above said 
processing region. On the other hand, pin photodiode (6) is set opposite the reflecting direction 
of laser beam M used for measurement with respect to workpiece W. Then, along with the 
removal of the processing region by laser beam L used for processing, the signal corresponding 
to the reflected portion of said laser beam M used for measurement is sent from pin photodiode 
(6) to oscilloscope (8) shown in Figure 2, and the time from the start of the laser used for 
processing to removal of the processing region is measured. Otherwise, the constitution is the 
same as that of Application Example 1. 



[0033] 

Effect of the invention 

As explained in detail above, according to the present invention, a time-measuring means 
that measures the time from the start of irradiation of the laser beam until the completion of the 
removal of the processing region is used. Also, there is a condition control means that optimizes 
the irradiating conditions of the laser beam on the basis of the time measured by the time- 
measuring means. Consequently, irrespective of the variation of the film constitution of the 
workpiece, it is always possible to manufacture a photovoltaic device with stable characteristics, 
as laser beam processing can be performed under optimum processing conditions at all times and 
thus no excessive or insufficient processing that causes damage to the underlying layer will 
occur. 



Brief description of the figures 

Figure 1 is a block diagram illustrating the constitution of the equipment for 
manufacturing the photovoltaic device in Application Example 1 of the present invention. 

Figure 2 is a block diagram illustrating the time-measuring means that measures the time 
from the start of the laser beam irradiation until the removal of the processing region of said 
manufacturing apparatus. 

Figure 3 is a block diagram illustrating the measuring laser beam M intensity signal after 
passing through the processing region as detected by said time-measuring means. 

Figure 4 is a diagram illustrating the constitution of the detection portion of the time- 
measuring means of the manufacturing apparatus of Application Example 2 of the present 
invention. 

Figure 5 is a diagram illustrating the constitution of the detection portion of the time- 
measuring means of the manufacturing apparatus in Application Example 3 of the present 
invention. 

Figure 6 is a schematic diagram illustrating the constitution of a conventional apparatus 
for manufacturing photovoltaic devices. 

Brief description of the reference numbers 

1 Laser oscillator (laser used for processing) 

2 Optical system 

3 Time-measuring means 

4 Condition control means 

5 He-Ne laser (time-measuring laser) 
L Laser beam used for processing 

M Laser beam used for measurement 
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